ABSTRACT
INTRODUCTION
The discovery by Kearns an Alternate Delay Acquisition method [5, 7] . The semi-selective Redfield pulse had a total length of 250 psec and a carrier offset 4000 Hz away from the water resonance. The data were accumulated with an aquisition time of 0.82 s and a relaxation delay of 0.3 s.
The Nuclear Overhauser effects are presented in NOE difference spectra which were obtained by subtraction of a spectrum in which a particular resonance is selectively saturated during 0.3 -0.4 s from a spectrum in which the saturation power is at an off resonance position [5] . The magnitude of the recorded NOE drops with the inverse sixth power of the distance between two proton spins [8] . Calculations reveal that with a saturation pulse of 0.4 s direct effects between nearest neighbour proton spins in tRNA's (i.e. first order NOE's) may be detectable up to a distance of ca. 5 A at sufficient signal-to-noise ratio's [5] . Sometimes unexpectedly large NOE's are observed (see results) which we think are second order NOE's. These are defined as a transfer of magnetization between spins mediated by a third spin. Chemical shifts are quoted relative to DSS (2,2-dimethyl-2-8ilapentane-5-sulfonate) with downfield shifts defined positive. Relevant distances between nearest neighbour iminoprotons and between methylgroups and individual protons were calculated from the proton coordinates derived from three sets of crystal coordinates [9,10,ll] (see reference [5] )-
RESULTS
The sequence of basepairs in the T and anticodon stem of yeast tRNA is schematized in Fig. 1 . Relevant distances between different protons, as
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FIGURE 1
Schematic representation of the stacking pattern of the basepairs in the T and anticodon stem of yeast tRNA . Iminoprotons are indicated by boldface capitals H's. Other protons discussed in the text are also indicated. Relevant distances (A) between protons, derived from three different crystal structure coordinates [9, 10, 11] are given as average values. When the calculated distances differed by more than 0.5 A from the average value the extreme values are given. FIGURE la T stem together with the flanking basepair U7A66 from the acceptor stem and the tertiary basepair T54m' A58.
FIGURE lb
Anticodon stem together with the tertiary basepair m2G26A44 and the first basepair of the D stem m 2 G10C25. Residue *39 is depicted in a syn conformation (see Fig. 7 and discussion). Inspection of the iminoproton spectrum in Fig. 3a shows that the resonances so far assigned to the basepair in the T stem severely overlap with other resonances. Therefore we could not proceed unambiguously from these assigned resonances to the non-assigned resonances of the basepairs G51C63 and U52A62.
A new starting point was provided by the iminoproton resonance of G53C61, which in the absence of Mg ions is part of resonance N (indicated in Fig.   4a ). This assignment was obtained after preirradiation of the methyl resonance of base T54 which is adjacent to G51C63 (see following paper).
Previously we showed that a NOE connection exists between peaks N and D/E (indicated in Fig. 4a ; see reference [5] ). Peak D/E comprises three resonances of which two were assigned to the iminoprotons of U12A23 and C11G24 [5] . Furthermore it was shown that the NOE observed on resonance N after preirradiating of peak D/E did not arise from these two protons [ 5] .
We therefore conclude that the iminoproton of U52A62 which is adjacent to G53C61 is the third proton that resonates under peak D/E. However, the intensity of the NOE at peak N after preirradiation of D/E and vice versa is appreciably larger (12-16%) than expected from the distance between the iminoprotons of G53C61 and U52A62 (Fig. la) . This indicates that between these peaks an additional NOE connection exists. Because at the conditions of buffer 2 (absence of Mg ++ ions) there is no other NOE from U52A62 than to N we conclude that the iminoproton from G51C63, which is the other neighbour of U52A62 also resonates under N. In summary, with the tRNA prepared in buffer 2, we find two resonances under peak N, one belonging to the iminoproton of G53C61 and the other to the iminoproton of G51C63.
These assignments were obtained from experiments performed in the absence of Mg ++ ions (buffer 2). With the tRNA prepared in buffer 1 (with Mg ++ ions) the situation is somewhat different. After preirradiation of peak D (U52A62), which at these conditions is separated from peak E, we find NOE's under N as well as under M (see reference [5] ). In the presence of Mg ions peak N consists of only one individual iminoproton resonance. This means that in going from a Mg free to a Mg containing solution either the resonance of basepair G53C61 or from basepair G51C63 shifts downfield. Preirradiation . 5c ). Furthermore we see an effect on peak P/Q. Because the iminoproton of C27G43 was also found to resonate under peak L and resonance Q is assigned to G15C48 (see next paper) resonance P must be attributed to
C28G42. Preirradiation of peak H (U50A64, A29U41 and A31Y39) results in
NOE's on peaks L, M, N and P (see Fig. 5d ). These are all consistent with
FIGURE 6
NOE experiments on yeast tRNA phe dissolved in buffer 1. Reference spectrum obtained at 38°C (a); partial NOE difference spectrum obtained after irradiating peak P/Q at 28°C (b); NOE difference spectrum after irradiation of peak P at 38°C. At this temperature the NOE on peak L is less obscured from a "spillover NOE" from peak O to peak M (c).
the assignments established above. The assignment of P to C28G42 was further substantiated by irradiating this resonance. As expected this yielded a NOE on peak H (see Fig. 6b ), but also on peak L (see Fig. 6c From the A31T39 basepair in the anticodon stem we assigned peak T and one resonance under peak H to the ¥39 N3 proton and the ¥39 Nl proton resp. This indicates that the ¥39 Nl proton is involved in basepairing with residue A31. Hence V39 is in a syn orientation which is in contrast to the normally anti conformation observed for uracil bases in AU basepairs (see Fig. 7 ). It should be realized that the conclusions are based upon the fact that we did not see a NOE from resonance T to the spectral region where the non-exchangeable aromatic ring proton resonances are found, i.e. we did not see a NOE to the V39 H6 which we would have expected if resonance T belonged to the ¥39 Nl proton (see Figs. 3 and 7) . On the other hand we do see four NOE's in this spectral region if resonance H is presaturated (see Fig. 5d ). This is the number of NOE's expected if ¥39 N1H contributes to this resonance. Although conclusions based on not seeing effects must be met with due caution, all evidence presently available points to the fact that ¥39 adopts a syn orientation (see also Roy et al. [18] ). There are a number of examples of tRNA's in which the basepair that closes the anticodon loop is an AT basepair. On the basis of the estimated resonance positions of the iminoproton of these basepairs in a number of E.coli tRNA's and on the basis of model compound studies Hurd and Reid [19] proposed that the ¥39 residue might be in a syn orientation. The present experiments provide a more solid support for this view. For certain tRNA's the presence of the ¥ residue in the anticodon stem appears to be an essential element for the control of the operon which is involved in the regulation of the biosynthesis of the cognate amino acid [20 ] . For example histidyl tRNA's having a pseudouridine in the anticodon stem are able of repressing the histidine operon [21] . Naturally the replacement of a U residue by a f residue at position number 39 will have chemical consequences, but it might only be functionally significant if this ¥ is orientated in a syn conformation. In that case the anticodon helix has a ring NH donor and carbonyl acceptor available in the major groove contrary to the situation in which the residue is in the anti position where only the ring NH donor is available. If the present results can be extrapolated to the regulating tRNA's this might provide the structural basis for their controlling function.
To conclude the discussion it is interesting and legitimate to ask whether we could have performed the assignment of iminoprotons in all four stems and reached the above conclusions about the stacking of the arms of yeast tRNA without a knowledge of the crystal structure. This question can be answered affirmative with a few reservations. To get a starting point at one end of the D stem it was necessary to know that basepair U8A14 is stacked upon the D stem [5] . Furthermore, it seems difficult to obtain a starting point at the loop side of the T stem without knowledge of the crystal structure at this location. To arrive at the conclusion that the acceptor stem is stacked upon the T stem it is only necessary (in the case Redfield is thanked for communicating results prior to publication.
